ABSTRACT
Introduction
A mandatory intermediary step involving the synthesis of metallic nanoparticles (NPs) and their exploitation in practical devices is their assembly within solid dielectrics, which in turn can be developed into novel devices [1, 2] . So, development of insulator glass doped matrices doped with metal or semiconductor nanocrystals is currently underway [3 8] . Such metal-glass nanocomposites endow advanced functional properties which make them suitable for many applications like solid-state lasers, catalysis, sensors, dichroic polarizers and colored glasses, and as optoelectronic materials based on their nonlinear optical properties as well as single-electron tunneling and charging phenomena [8 11] . Glasses bestow some superior inherent properties like high transparency, mechanical strength, ease of fabrication Nano Res (2009) 2: 607 616 in desirable shapes and sizes and absence of metalligand interaction, which has often been discussed controversially, which make them promising hosts for encapsulating both metal nanocrystals and rare earth ions. Consequently, an emerging application of metal glass nanocomposites in the field of plasmonics is their development as substrates (hosts) capable of providing large electromagnetic enhancements or "hot spots" formation for surfaceenhanced spectroscopies of rare-earth ions [12 14] . Such enhanced local field properties originates due to surface plasmon resonance (SPR) in metallic nanostructures which is the collaborative oscillations of the free conduction band electrons on the metal surface on resonant excitation with electromagnetic radiation (light) [15, 16] . The surface plasmon enhanced luminescence observed in monometallic: rare-earth (RE) hybrid composites have currently captured exponential attention due to their relevance as color displays, optical amplifi ers as well as optical sensors [12 14] .
The unusual optical and electrical properties of metal glass nanocomposites arise due to several factors like modification of the electronic structure of metal NPs, interpley between volume and surface properties, chemical reactions between the nanocluster and the embedding matrix or interparticle interactions [17] . Bimetallic NPs, either as alloys or as core shell structures, are more attractive over monometallic nanocrystals because they exhibit improved electronic, optical, and catalytic performances [18 20] . They have an additional degree of freedom, that is composition, which provides yet another dimension in tailoring the properties of bimetallic nanoparticles besides the usual size and shape manipulation. Thus, investigation of surface plasmon enhanced luminescence of RE ions by inter-metallic alloy NPs can set a paradigm in the burgeoning discipline of plasmonics.
However, fabrication of nano scale monometallic and particularly inter-metallic particles encapsulated within dielectric (glasses) matrices are not simple and encounter several diffi culties like different chemical reactivities of two metals with the matrix, which can promote separation (via oxidation, for instance) instead of alloying of the species. Literature reports show several multi-stage approaches, such as sol gel process, metal-dielectric co-sputtering deposition, metal-ion implantation, pulsed laser deposition, ion-exchange of thin plates followed by long time heat treatment at high temperatures in reducing atmosphere (H 2 ) or UV-light/X-ray/Co -radiation or laser/synchrotron irradiation, have so far been used to incorporate thin layers of metal nanoclusters within high phonon energy dielectrics, like silicate, borate, and phosphate glass matrices [3 8 ] while bimetallic-glass composites are relatively few. Therefore, simplification of preparation techniques and production of new bulk dielectric (glass) matrices incorporating metal nanoparticles with an extensive range of applications are of paramount importance.
Heavy metal oxide-based glass hosts with low phonon energy (resonance vibration of the matrix) are more favorable to diminish the multiphonon relaxation and increase the upconversion efficiency of RE ions [12, 13] . Among the heavy metal oxide glasses, Sb 2 O 3 -based systems have captured our attention for photonic, particularly surface-plasmonenhanced luminescence applications due to its two unique properties. Firstly, it possesses quite low phonon energy (602 cm 1 ) compared to conventional glass systems [21] . Secondly, it is a mild reducing agent (Sb 5+ /Sb 3+ , E 0 = 0.649 V) [22] 
Experimental
The raw materials were potassium metaborate, KBO 2 2 O, in a 25 mL high purity silica crucible at 900 ºC in air for 10 min in a raising hearth electric furnace followed by one stirring of 0.5 min with a silica glass rod. All Au and/or Ag doped nanocomposites were prepared in a similar way by adding the required quantity (see Table 1 ) of HAuCl 4 ·xH 2 O and/or AgNO 3 to the batch composition of the base glass (A1). It is to be noted here that all the concentrations of Ag and/or Au are in excess over the base glass (A1) composition. The Au Ag and Sm 3+ codoped nanocomposites were also prepared in an analogous manner by adding the requisite quantity of HAuCl 4 ·xH 2 O, AgNO 3 and Sm 2 O 3 (in excess) to the batch composition of the base glass (A1). All the glass melts were cast into a carbon plate and annealed at 260 ºC for 3 h to reduce the internal stress and then very slowly cooled down to room temperature. Samples of about 2.0 mm ± 0.01 mm thickness for optical measurements were prepared by cutting, grinding, and polishing with cerium oxide. The density of the glasses was measured by the Archimedes method using toluene as the immersion liquid with an error of ±0.7 %. The UV vis NIR absorption spectra were recorded with a double-beam spectrophotometer (Perkin Elmer, Lambda 20) at the wavelength error of ±0.1 nm. Transmission electron microscopy (TEM) was done using a Jeol (model JEM 2010) operating at 200 kV. Crystallographic characterization of the bulk samples was done with X-ray diffractoneter (PANalyical X'pert PRO) operating at 40 kV and 30 mA using Ni-filtered Cu K ( =1.5406 Å) radiation with the X'celerator step size 0.05º (2 ) and step time 0.5 s from 10 to 80º. Fluorescence spectra were measured, at the error of ± 0.2 nm, with a fluorescence spectrophotometer (Spex, Fluorolog 2) using a 150 W Xenon lamp as the excitation source and a photomultiplier tube as a detector. All the measurements were carried out at room temperature.
Results and discussion
The composition and some of the physical properties of the nanocomposites are listed in Table 1 . All the nanocomposites were obtained in the monolithic form. The density is found to linearly increase with increase in dopant concentration. They showed uniform intense coloration indicating their potential use as decorative items as well. The change in color of the nanocomposites is attributed to the different Au and Ag concentration ratios which lead to the shift of the SPR band frequency in the visible region. Figure 1 shows the UV Vis absorption spectra of base glass, pure Au, pure Ag, and a series of AuAg alloy embedded nanocomposites (thickness = 2 mm) with varying Au concentration while keeping Ag concentration constant. The peaks at 681 nm and 554 nm belong to surface plasmon absorption of pure 0.3 wt% Au ( Fig. 1(g) ) and 0.006 wt% Ag ( Fig. 1(b) ) doped nanocomposites, respectively.
According to the Mie theory the position of the SPR band maxima ( max ) of spherical noble metal (Au 0 and Ag 0 ) NPs is sensitive to changes in refractive index (RI, n) of the embedding medium as [26] 
where c is the speed of light, m is effective mass of conduction electrons, N is the free electron concentration, e is the electronic charge, 0 is the free space permeability, and is the optical dielectric function of the metal. Sodalime silicate glasses Nano Res (2009) 2: 607 616 Ag peak position (554 nm) towards Au peak position (681 nm) depending on increasing Au/Ag ratio.
The TEM images of the nanocomposites (Figs. 2(a) (c)) show the formation of core shell geometries with sizes varying from 28 89 nm. Generally, Au Ag core shell NPs in the form of Au core @Ag shell or Ag core @Au shell are synthesized by successive reduction of one metal ion over the core of the other. Their optical properties depend critically on the relative composition/ thickness of the core and the shell. If the shell is not very dense and thick, the surface plasmon of the core can effectively interact with the electromagnetic fi eld so that the surface plasmon absorption of the core particles can be observed. In such cases, two distinct SPR peaks corresponding to pure Ag 0 and Au 0 NPs are observed. In some cases of Au@Ag core shell NPs, where Ag 0 shell is suffi ciently thick, only the Ag 0 SPR peak is observed demonstrating their relative composition/thickness dependent optical properties [19, 27, 28] . Also, the TEM images of bimetallic Ag@ Au core shell NPs are known to display areas of contrasting density with the dark region attributable to gold and the light region attributable to silver [29] . The alloy formation is indicated from the fact that the optical absorption spectrum shows only one composition-sensitive plasmon band in between the absorption peaks of the two pure metal NPs and the SPR peak increases in a monotonic fashion (Table 1) [19, 27, 28] . The plasmon bands are slowly red-shifted from Nano Res (2009) 2: 607 616 at room temperatures. The nanoparticle alloying can, in principle, result from an increase in the diffusion coefficient of the metals, because the melting point lowers as their size decreases [30] . The melting points of bulk Au and Ag are 1064.18 ºC and 961.78 ºC, respectively [22] . Also, the atomic size of Ag (atomic radius = 144 pm) is same to that of Au (atomic radius = 144 pm), this results in an easy inter-diffusion between Au 0 and Ag 0 atoms.
The selected area electron diffractogram (SAED), Fig. 2(d) , obtained for alloy encapsulated nanocomposites proves to be of little help in establishing the nature of alloy and core shell morphology of the particles because their d-spacings are very close to one another. The particles display distinct ring patterns demonstrating their Fig. 4 (curve-c) for simplicity and clear visibility excluding others. Such enhancement of fluorescence is attributed to the local electric fi eld enhancement (LFE, E x ) and energy transfer (ET) from Au Ag NPs to Sm 3+ (as shown in Fig. 5 ). These hybrid nanocomposites appear to be potential candidates for display and laser devices. Inset of Fig. 4 shows the Au Ag core-shell NPs enhanced Sm 3+ photoluminescence red upconversion photograph of antimony glass nanocomposites excited at 949 nm. The metal nanostructures result in giant and highly spatially localized electric fi elds around Sm 3+ ion [12 14] . This is because the surface plasmon waves (surface plasmon polaritons) generated by electronic oscillations (SPR) travel along the surface of the metal NPs, concentrate light in the subwavelength structures due to the difference in relative permittivity of the metal and the surrounding glass matrix [15, 16] . Concentration of light and effect of metallic screening lead to amplifi cation of the local electric field around the metal nanostructures (by "Lightning Rod Effect") with respect to the incident field [15] . Thus, the metal NPs provide a unique opportunity to modify the fluorescence due to changes in the rates of excitation and emission of RE ions. Within glass matrices, the infl uence of metallic particles on the absorption and emission rates of RE ions is primarily of electronic origin [34, 35] . This can be envisaged as an additional interaction due to the high fi eld gradients in the vicinity of metal NPs produced by plasmonic excitation of the particles at the Mie resonance frequency (SPR) [34, 35] .
Although localized excitation and increased quantum yield near metal NPs are desired but practically both enhancing and quenching of RE ions or fl uorophores (as the case may be) takes place near the metal particles [36, 37] . It has been well documented in literature that to achieve enhancement of fluorescence, the fluorophore molecule must be located at a distance of 50 Å or more from the metal surface to avoid quenching at a distance shorter than this [35] . There are also zones near the surface where the enhancement effect is maximum because the local field decreases exponentially from the surface [16, 35] . Infact, the interactions between RE Table 1 ). The unit cps stands for photon counts per second. Inset shows the Au Ag core-shell nanoparticles enhanced Sm 3+ photoluminescence red upconversion photograph of antimony glass nanocomposites excited at ex = 949 nm [14] . Electromagnetic excitations are known to induce surface charges. The local surface charge densities are severely increased and confined near the sharp edges of anisotropic nanostructures which act as light-harvesting nano optical antennas converting visible light into large localized electric field ("lightning-rod effect") [15] . Therefore, quasispherical Au Ag nanostructures with sharp edges (see Fig. 2 
Conclusions
A n e w s i n g l e -s t e p m e t h o d o l o g y ( s e l e c t i v e thermochemical reduction) has been developed to generate a new series of Au Ag nanoparticles with core shell morphology embedded bulk antimony glass monolithic nanocomposites without addition of any external reducing agent. The formation of an alloy shell was monitored by the UV vis absorption spectroscopy which shows that the plasmon bands are slowly red-shifted from Ag peak position (554 nm) towards Au peak position (681 nm) depending on increasing Au/Ag ratio. The TEM images confi rm the formation of the resultant core-shell particles. The XRD patterns show the presence of (111) and (200) crystallographic planes of fcc Au Ag nano particles. Formation of core shell Au Ag nanostructures in the hard, stable, and fl exible inert glass matrix with inherent nonlinear optical properties suggest the potential use of these nanocomposites in nonlinear optical related applications as well. 
